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SUSTAINABLE ENERGY GENERATION THROUGH THE SOLID WASTE 
MANAGEMENT CONSOLIDATED ON HOUSING 
 
In today's context, it can see that many countries have shown concern for sustainability when 
planning their investments in energy infrastructure. Therefore, it considering the development of a 
research in order to present an alternative of decentralized electricity production and small-scale 
combined with the management of solid waste in and out of condominiums of the National Urban 
Housing Program. This proposal is based on the possibility of creating communities centered on 
sustainable development, with energy cogeneration based on the treatment of solid waste of the 
condominium and surrounding region, making use of sorting waste and composting concurrently to 
the spread of knowledge through internal culture and reduction targets, reuse, and recycling with 
financial results for the tenants. This research has basic and explanatory nature with a qualitative 
approach taking as criteria the reading, analysis and discussion of papers, articles and dissertations 
on planning and sustainable regional development, technological innovations on energy, 
environment, data collection for evaluation and diagnosis and influence of education in this context. 
 
Key words: Condominiums; Energy; Sustainability; Waste. 
 
1. INTRODUCTION 
 
Electricity is an important factor for the growth and development of Brazilian economy and 
therefore is a constant concern of the federal and state governments. However, in contrast to the 
world drives in favor of other energy matrices, Brazil continues to invest heavily in its current 
matrix, grounded in producing hydraulic base, which is one of energy production options that was 
welcome in the past as an energy source of renewable and sustainable nature. 
 
However, the large investment costs, environmental issues and logistics resulting from 
gigantism of hydraulic projects, the risks of budget problems, planning and bad administration put 
their sustainability into question, given that vast areas flooding is needed, reaching strongholds of 
fauna and flora and risks of conflicts with indigenous peoples and settlers. Another factor to be 
considered is a poor strategic focus of energy production in large hydroelectric  plants and the 
distances involved for the transmission of the energy produced. Therefore, when considering all 
these problems in the long run this option present a problems when seeking to justify this option as 
a sustainable and / or ecological system and, therefore, there is a clear need for new infrastructure 
investment options (Silveira et al, 2012). Based on these arguments and considering the importance 
of enabling the balance of the energy matrix, as the elected targets in June 2015 by the federal 
government in conjunction with the United States, this proposal meets the objectives set in terms of 
sustainability and diversity of electricity production in Brazil. 
 
The purpose of this article is to present a concept of low-income condominium that is 
capable of producing electricity from solid waste management (Godoy et al, 2005). This 
cogeneration system will be the basis for the burning of solid, liquid and gaseous inputs generated 
from collection and treatment of waste produced on the premises of the condominium and the 
neighborhood. This action will also have the function of developing and promoting the concept of 
reduction, reuse and recycling. In the context of reduction, specifically the energy consumption, the 
implementation of solar heating systems and gas (coming from waste treatment) will be responsible 
for producing hot water for homes and other activities of the project. It is also the object of this 
study to point out the carbon sequestration methods from cogeneration and water heating by 
burning the gas generated by the decomposition of solid waste collected processes. These methods 
will be used as a source of mitigation of greenhouse gas release (GHG) emissions. A second 
contribution resulting from the application of these methods will be the environmental cooling 
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condominium function, generating reducing energy consumption by joint owners of refrigeration 
equipment such as refrigerators and air conditioners. 
 
 
2. THEORETICAL BASIS 
 
2.1. ELECTRICITY 
 
All countries having some development projects have researched and invested in new energy 
production facilities. The energy itself is an input or strategic element that ensures the industrial and 
economic growth of nations. And it is for this reason that it should be the subject of in-depth studies 
to evaluate all the possibilities of increasing its production, based as much as in the sustainable 
aspect as well as in the social and economic aspects. Going beyond the production aspect, the 
necessary consumption reduction possibility is also present in researches, either directly or in 
parallel and / or mitigation proposals. That is, so that research results have increased their chances 
of success, energy efficiency must be established as the fundamental objective of the entire 
production process and consumption, also considering sustainable, social and ecological issues. 
 
In Brazil, until 2014, there were 3,636 power generation projects totaling 135.138MW of 
installed capacity (FURNAS 2014; Lamas and Giacaglia, 2013) and the Brazilian Electrical Matrix 
was distributed as follows: 
 
 
  Figure 01 - Sustainability Report 2014 - Source: Furnas 
 
 
2.2. THE COST OF INVESTMENT IN PLANTS 
 
A hydroelectric plant demand a large investment long before the beginning of its operations, 
accounting for a big impact on a number of components, by they social, economic and 
environmental order. And the warnings have already been issued long ago, as a survey conducted in 
1990 by Junk and Mello reporting problems as translocation population, soil loss and its potential 
mineral wealth, low productivity in terms of the ratio between the energy produced and SQM 
flooded, loss of species of plants and animals, hydraulic geometry changes of the dammed river, 
changes in regional hydrology, changes in sediment load of the dammed river, increased erosion of 
the valley below the dams and the deterioration of water quality due to the massive presence of 
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aquatic weeds. In the case of a plant such as Belo Monte, planning had to consider the logistics of 
creating a city of about eighteen thousand employees in 2013 (currently around twenty-five 
thousand), distributed in four major construction sites on site , so that the costs are huge and of a 
complexity such that their overall effectiveness is almost impossible to ensure, given the great 
distances involved, the lack of local transportation infrastructure, supply of labor, equipment and 
materials, lack of rain, floods, the risk of accidents, and animal diseases and tropical diseases 
vectors, the requirement of obtain environmental permits, overcome and civil lawsuits, strikes, 
increased crime, preventing access by social and indigenous movements. Other factors that should 
be considered are related to the time and the amount of money invested. According to Fleury 
(2014), from the study of the inventory of the energy potential of the basin of the Xingu River, 
started in 1975, more than thirty years were spent before beginning  the construction of the Belo 
Monte plant. Moreover, works were delayed, the initial schedule of operation is impaired and it is 
possible that only in 2017 the plant will begin to produce and deliver electricity to the designed 
level. 
 
The Belo Monte plant was estimated at sixteen billion reais, however, with so many difficulties 
to overcome, the figures have suffered changes and the costs should exceed the mark of thirty 
billion reais. In this case it is possible to infer that a project of this size has a high risk and 
extremely difficult planning coming from this size construction cost, so that costs will exceed the 
original budget spreadsheets in almost one hundred percent. The plant is not yet operational, 
however if all difficulties are resolved and Belo Monte operates at one hundred percent of its 
designed capacity, the plant will produce eleven thousand and two hundred thirty-three megawatts 
(11,233 MW) of electricity. A number that is second only to China's Three Gorges plant (22,720 
MW) and the Brazilian-Uruguayan binational Itaipu power plant (14,000 MW). 
 
The monthly energy stock in all regions currently is given by Figure 02. 
 
 Figure 02 - Source: National System Operator – ONS 
 According to this chart, it is seen that only North and South reservoirs are in volume over 
50%, however, it is clearly visible that the stock of these regions is falling and currently below 80%. 
In all other regions the stocks are down 40% and some even close to fall below the 20% level. 
Another visible result of this chart is that despite so many investments in the hydroelectric matrix, 
there is the risk of insufficient  stored energy due to unfavorable climate conditions. 
 
 
2.3. ECONOMIC GROWTH VERSUS ENERGY  
 
Investments in energy infrastructure in Brazil and the impact on the Gross Domestic Product 
(GDP) were the subject of studies and as a result is a strong interaction of these factors. It has been 
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observed that in the period between 1950 and 1979 there was an increase in investments in 
electricity as a result of strong GDP growth and in this case it was determined that, demonstrating 
the long-term relationship with the product and its income elasticity, one of the sectors that most 
influences the gross domestic product is the electricity. Another important interaction between the 
infrastructure sector and the gross domestic product occurred during the 1980 and 1990 decade, 
where the reduction of infrastructure investments due to the financial deterioration of the state 
contributed to the fall in the growth rate of gross domestic product Brazilian (FERREIRA AND 
MALLIAGROS 1998 p. 334). 
 
On the other hand, considering that the variation of the ratio of elements such as demand and 
supply results in variation of the valuation of products or commodities, it is assumed that the same 
happens with the electricity. If consumption increases and the hydraulic infrastructure does not 
support demand, power plants (TPP) are put into operation to meet the high demand, thus raising 
the cost of input. In the same proportion, when hydrological conditions become unfavorable caused 
by low rain fall not reaching its historical volume and, as a result of this, power consumption 
depletes the hydraulic stock as occurred in 2001, or apply a national energy rationing program 
which penalizes the consumer market, or increasing the production of electricity by power plants. 
In both cases losses are expected as pricing and the application of fines for excessive consumption 
of this important input is controlled by the federal government. 
 
2.4. PURPOSE OF ELECTRICITY USE 
 
The electricity produced in Brazil is an extremely important input and, in addition to its 
commercial use with strategic potential in the production of materials, equipment and 
implementation services distributed by education, industrial and health, and public services, this 
input is widely used in almost all homes of Brazilians and their consumption has characteristics that 
vary between regions suffering direct influence of climatic, economic and socio-cultural 
differences. Given the continental size of Brazil and the need to understand how the energy 
consumption is in regions, information was searched so as to show the current context of the 
purpose of the use of electricity and their variations in equipment used. Thus, in a survey 
conducted, it was found that the equipment that possess greater variability in their consumption, 
considering the regions, are the air conditioner and the electric shower, the latter being responsible 
for the expenditure of a residence between 0 % and 43% during the winter period. (FEDRIGO, 
GHISI, LAMBERTS, 2009). 
 
 
  Figure 03 - Source: Fedrigo, Ghisi, Lamberts (2009). 
This information corresponds to a survey conducted in 18 States, covering 5625 households in 
284 Brazilian cities and measuring monthly average consumption of 143kWh  in summer and 161 
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kWh in winter. 
 
 
2.5. URBAN TRASH AND THEIR WASTE 
 
In recent decades, Brazil witnessed the intense population migration to urban centers 
generating the inordinate increase of urban population resulting in public authorities concerne with 
cities the planning and development. This fact led to a series of social, economic and structural 
changes and for this reason they should be taken into account in a city urban planning. A structural 
effect is the increase in waste generation from the direct consumption of goods and services. As 
cities are not designed to manage large increase of population looking for opportunities, sanitation 
structure is not able to meet this growing demand and, as a result, the open dumps, called dumps, 
thrive. According to figures released by the Brazilian Institute of Geography and Statistics - IBGE, 
through the National Basic Sanitation Survey - PNSB 2008, the situation is shown in Figures 04 and 
05. 
 
 
Figure 04 - National Survey of Basic Sanitation 2008 - Source: IBGE 
 
Esses mesmos dados informam: 
 
 Figure 05 - National Survey of Basic Sanitation 2008 - Source: IBGE 
 
As these disposal sites (dumps) are not prepared for proper management, there results  soil 
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pollution, with water and air pollution generating vectors and diseases, resulting in  more costs to 
the governments in the form of medical care and treatment when they It is possible to be realized. 
This scenario is the reality in most large urban centers and many cities of medium and small. About 
half of more than five thousand Brazilian municipalities, according to the National Survey Basic 
Sanitation IBGE, make use of garbage dumps. With all these problems, management or policy 
legislation that dealt with the matter appropriately, it was necessary and urgent the establishment of 
a Law of  National Policy on Solid Waste. However, this law suffered a long delay due to many 
trials and obstacles before being promulgated (TETRAPLAN 2012). 
 
2.5.1. NATIONAL POLICY OF SOLID WASTE - TIMELINE 
 
After more than two decades of proceedings the Federal Law No. 12,305/10 was enacted, 
establishing the National Policy on Solid Waste. This law puts prevention and reduction in the 
generation of waste as a goal to be followed by observing the habits of sustainable consumption, 
increased recycling and reuse of solid waste should be encouraged, in addition to other measures. 
The high point of this law is the fact that civil society and manufacturers have become subject to 
solidarization of responsibility for the generation of waste. This law kept the goal of eradicating the 
dumps, but in July 2015, the Senate approved the controversial project (PLS 425/2014) of extension 
of the period for which the municipalities eradicate local landfills. 
 
According to the approved project, the extension will be as given in Fig. 06 
 
 
 Figure 06 - Senate Bill No. 425, 2014 - Source: Brazil’s Federal Senate 
 
The justification for the extension was the fact that at the time of the deadline for the  
elimination of landfills, about 60% of the municipalities were not suited to the new law. The current 
debate about the controversy argues that, although there are funds allocated for this purpose, it is 
insufficient to create the necessary infrastructure for the development of technical studies, 
environmental permit for the construction of landfills, areas of release transshipment, handling 
construction waste, selective collection and educational and socioeconomic campaigns. 
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2.6. BIOGAS GENERATION THROUGH WASTE MANAGEMENT 
The generation of biogas through sewage treatment is a reality in the world especially the 
United States, Canada, some European centers and to a lesser extent in Brazil. The difficulty lies in 
the fact that much of the necessary infrastructure is imported and requires resources for 
maintenance may in part even derail investment. Nevertheless, it can be considered that the energy 
use of biogas can help develop and facilitate the implementation of sanitation systems in Brazil, 
promoting positive reactions in socio-economic and environmental terms. (Lamas et al, 2010) 
Moreover, it can be inferred that the initiative would generate the cheapening processes based 
on the generation of electricity, apart from the fact that many municipalities still need to deploy or 
expand their sanitation systems, a factor which offers great opportunities for planning with the 
possibility of economies of scale in decentralized energy production and sewage treatment. It is 
important to note that anaerobic digestion technologies are effective in the treatment of sewage and 
are also contributing in the generation of biogas and mitigate the greenhouse effect (Lamas et al, 
2008) 
In the case of waste, it is considered that the gas production capacity will be directly linked to 
the production of garbage and sewage and, starting from this premise, the investments will be 
possible only in urban centers with high population and ability to produce waste. Thus, as a result of 
research conducted, selective criteria were determined in a manner that took into account the 
population volumes and generation potential and thus considered municipalities in the metropolitan 
areas or urban agglomerations, population over 200 000 inhabitants and volume residues sufficient 
to generate at least 300 kWh of energy with biogas production potential for a period of ten to fifteen 
years (TETRAPLAN, 2012). According to the adoption of these criteria 91 municipalities were 
selected  from a universe of 517 that were entered in metropolitan areas. However, despite the low 
number of cities, population volume reached the order of 79.51% of the inhabitants of metropolitan 
areas, which correspond to 70,713,151 inhabitants on a total of 88,939,853 inhabitants. It should be 
noted that some exceptions were considered in these criteria. From these figures, it has been  
measured that the total waste disposal sites considered, 71% were classified as dumps, about 20% 
as landfill and the remainder as spillways. Studies has shown positive results, as  expressed in Figue 
07: 
 
 
 Figure 07 - Source: Tetraplan, 2012. 
3. RESEARCH METHOD 
 
This research has a basic and explanatory nature, with a qualitative approach making use of 
criteria such as reading, analysis and discussion of papers, articles and dissertations on planning and 
sustainable regional development, technological innovations in the energy sector and construction, 
through environment beside the collection of data for evaluation and diagnosis and the influence of 
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education in this context. 
 
This work is based on literature in order to obtain the technical support necessary to carry out 
scientific research. The data that were based on a survey related to the factors that were able to offer 
support to a project that is sustainable and at the same time provide socio-economic compensation. 
The political discussion to some extent was consulted and assessed, given that large enterprises that 
relate large financial sums involve political action and party labels may espouse the merits of the 
benefits related to sustainability and social and economic factors involved in the issue. 
 
 
4. RESULTS AND DISCUSSION 
 
4.1.  INVESTMENT CONVERGENCE 
 
The importance of enabling the balance of the Brazilian energy matrix to the costs, 
environmental issues and logistics of energy production with hydraulic base are quite clear, but 
there are reasons why sustainable energy suffers so much resistance in its implementation in Brazil. 
The new technologies of renewable energy generation have natural resistance, as are new systems 
compared to other models like the current energy matrix already consolidated, they are presented 
with a series of special features such as high domestic financial cost, restrictions and regulatory 
barriers, limited incentives for research in the area, among others. Despite these difficulties, the 
government can and should encourage the adoption of public policies that support this balance, 
making use of strategies that create the conditions for reducing production costs, where different 
problems are solved. 
In parallel, although there are in all sectors of global society people and sensitive business 
costs, fees and debts in terms of generation of the world values have become more susceptible to 
scaled up spending, since environmental benefits are resulting from this process. So much said, it is 
important to show that in a survey conducted, sponsored by the Ministry of Environment, is 
explained in the  following sentence: 
 
“Investments in renewable energy have, in most cases, higher costs than necessary 
for the adoption of traditional sources. However, invariably renewable energy can 
bring positive externalities that can be measured, such as the development of 
economic and social areas. In addition, investments in power generation which uses 
the biogas as a fuel source can be economically viable due to the appropriation of 
revenues from the sale of electricity and sale of carbon credits.” (TETRAPLAN, 
2012). 
So the question that must be asked is: What it takes to motivate the market to invest in 
decentralized energy production means, of participating in the concept of sustainability to a greater 
degree that has already been done? 
The purpose of this work is to present a concept based on the possibility of creating 
communities centered on sustainable development, using the sorting of waste and composting 
concurrently with the spread of knowledge through internal culture and reduction targets, reuse, and 
recycling with financial results for the investors, made possible through an investment of 
convergence opportunity. The federal government has assumed social responsibility to reduce the 
residential deficit with massive investments through the National Program of Urban Housing, the 
MINHA CASA MINHA VIDA Program. The conduction of this type of development in the past 
was informal through joint efforts and their effectiveness was doubtful. The launch of this program, 
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regardless of their qualities and results, positive or negative being, changed the way the country 
evaluates this type of program progressing. Their numbers lifted the theme housing in a prominent 
position, the policy can no longer ignore the future. 
However, despite much progress has been made in terms of quality and experience in this 
type of initiative, research suggests problems such as insecurity in the location of investment land in 
face of lower costs. To some extent, due to enabling the largest number of buildings, the cost in 
theory should follow lower trading volume logic in terms of better results for investment, but a 
precarious location may impair the effectiveness of the quality of life of its residents due to 
transport problems and access to large centers, public facilities and in general infrastructure. This 
shows that historically, the government continues making the poor continue to inhabit poorly 
equipped suburbs (RAQUEL ROLNIK et al. 2015). 
Therefore, in addition to formulating solutions and targets that address bottlenecks on energy 
infrastructure, the answer to be given to the question asked above must be constructed observing all 
matters relating to the public nature of investments, such as the generation of electricity the 
eradication of the housing deficit, meeting the public needs sanitation, reducing the consumption of 
non-sustainable materials and supplies, dissemination of reuse and recycling culture, reducing the 
emission of greenhouse gases (GHG) the generation of carbon credits, the creation of permanent 
jobs through sustainable policies, and reducing the massive investments in term risks, finance and 
environment 
. 
 
4.2.  CONDOMINIUM SUSTAINABLE PROGRAM 
 
Based on the current scenario of needs, we sought a solution that could meet actual 
investment opportunities and, as a result, a Sustainable Condominium Program has been proposed 
in this work. In this proposal, the energy will be produced in sustainable community through the use 
of biogas generated by wastewater treatment and treatment of solid waste generated in the condo 
itself and such system may be able to generate financial claims (Lamas et al, 2009). Power 
generation and the reduction of consumption will be made by the adoption of criteria based on 
sustainability, which will be considered the concepts: Architectural, improve the interior lighting of 
homes and priories public transport, solar heating of water, systematic capture of biogas from the 
decomposition of waste and condominium region and the implementation of a carbon capture 
system through direct planting trees with high absorption capacity, generating tradable carbon 
credits. The tillage system of trees will also be able to reduce the average temperature of the 
condominium buildings by reducing heat absorption and thus also reducing air conditioning and 
cooling energy consumption. In addition, the condominiums will be managed by cooperatives 
organized by residents with permanent posts generation purposes of work through management of 
the waste generated in the condos and the region and through composting. The program will 
promote the adoption of organic vegetables and herbal crops proposing adequate training providing 
condominium areas for this purpose. There will be courses EJA type (Youth and Adult Education) 
that will be offered within the condominiums in order to generate an internal culture of learning 
about the benefits of sustainable living, considered the application of reduction concepts, reuse and 
recycling, with benefits to integrate the community and generate creativity and curiosity about it. 
The program will be designed in such a way so that the manpower to operate the system, subject to 
the necessary training periods and implementation of courses, will be derived from the 
condominium residents themselves. 
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4.3. CONCLUSION 
 
In proposing spending and subsidies that enable investments in infrastructure, the objectives 
of these projects should be in line with the principles of sustainability. Many countries in the world, 
even having the opportunity to invest in hydropower, choose to also invest in renewable energy 
solutions such as solar, wind even if management being more expensive and implying extra 
maintenance costs. All energy solutions have been very expensive in the beginning and even then, it 
was decided to pursue such possibilities, for the medium and long term results to become acceptable 
and favorable. In the case of hydroelectric power, much money was invested and many jobs were 
created as well, but these jobs are lost at the end of the works, given that these systems are 
increasingly automated and complex, yielding a very small number of jobs requiring specific 
knowledge and training. Projects that cost fifteen, twenty, thirty billion reais can make room for 
alternatives that consume fewer resources and are able to consolidate various solutions to 
population growth problems. 
Throughout this work it was noted that many sustainable energy opportunities and techniques 
to reduce consumption are feasible and are available, demonstrating that it is possible to solve 
different problems organizing solutions together. Another factor that contributes to the viability of 
this concept is the fact that there will be economies of scale on the possible volume of these 
enterprises. The promotion of educational and organizational practices that allow the creation of 
jobs in the villas surrounding sites is another positive result, which complement the initiative and 
generate valuable financial resources and, moreover, the quality of life of people who live in these 
condos will reflect the application of the concepts and criteria here supported. 
Therefore, there remains the conclusion that it is possible to invest in a public housing system 
that brings together various productivity solutions, conservation and economy, bringing benefits to 
the population and the environment. 
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